Abstract. This paper studies the motion of an infinitesimal mass near the collinear equilibrium points in the framework of relativistic restricted three-body problem (R3BP) when the smaller primary is a triaxial body. It is observed that the positions of the collinear points are affected by the relativistic and triaxiality factors. The collinear points are found to remain unstable. Numerical studies in this connection, with the Sun-Earth, Sun-Pluto and Earth-Moon systems have been carried out to show the relativistic and triaxiality effects.
Introduction
The restricted three-body problem (R3BP) possesses five stationary solutions called Lagrangian points, three of which denoted by 2 1 , L L and 3 L known as collinear equilibria lying on the line joining the primaries, the other two denoted by 4 L and 5 L are called equilateral equilibria and make equilateral triangles with primaries. In general, the collinear points are unstable while equilateral points are stable for the mass ratio ... 038520 . 0 ≤ µ . (Szebehely [1] ) Khanna and Bhatnagar [2] have discussed the stationary solutions of the planar restricted three-body problem when the smaller primary is a triaxial rigid body and a bigger one as an oblate spheroid. They found that the collinear points are unstable, while the triangular points are stable for the mass parameter crit µ µ < ≤ 0 (the critical mass parameter). Sharma and SubbRao [3] investigated numerically the collinear libration points, by taking the oblateness of the primaries in consideration for 19 systems. They found that in some of the systems the shifts are significant. These equilibria are shown to be unstable in general, though the existence of conditional, infinitesimal (linearized) periodic orbits around them can be established, in the usual way. They also showed that the eccentricity and synodic period of these orbits are functions of oblateness. Numerical study, in this connection, with the above systems, revealed that the orbits around the libration point which is farthest from the primary whose oblateness effect is included, exhibit a different trend from those around the other two points. Abdul Raheem and Singh [4] have investigated the stability of equilibrium points under the influence of small perturbations in Coriolis and Centrifugal forces, together with the effects of oblateness and radiation pressures of the primaries. They have found that the collinear points remain unstable while the triangular points are µ is the critical mass parameter depending upon the Coriolis force, centrifugal force, oblateness and radiation pressure of the primaries. Singh and Umar [5] investigated the motion of a test particle in the vicinity of a binary made of a triaxial primary and spherical companion moving along elliptic orbits about their common barycenter in the neighborhood of the collinear libration points. They obtained the analytical results and applied it to binary neutron stars consisting of a bigger triaxial primary and a spherical companion.
Abouelmagd and El-Shaboury [6] studied the existence of libration points and their linear stability when three participating bodies are axisymmetric and the primaries are radiating, they found that the collinear points remain unstable, and the triangular points are stable for region c µ µ < ≤ 0 . They also studied periodic orbits around the triangular points and found that these orbits are elliptical; the frequencies of long and short orbits of the periodic motion are affected by terms which involve the parameters that characterize the oblateness and radiation repulsive forces; they deduced that the period of long periodic orbits adjusts with the change in its frequency while the period of short periodic orbits will decrease.
The relativistic restricted three-body problem was basically originated by Brumberg [7] when he was studying the motion of Moon. After then a series of studies on the relativistic restricted three-body problem has been carried out.
Bhatnagar and Hallan [8] have studied the stability of triangular points of the same model problem and found that the triangular points are stable in the whole region Ragos et al. [9] studied the existence, position and stability of collinear points of the relativistic R3BP.
Abd El-Bar and Abd El-Salam [10] investigated the relativistic effects on the equilibrium points. They obtained approximate locations of collinear and triangular points.
In recent years, the study of relativistic restricted three-body problem with perturbing forces such as radiation, oblateness, triaxiality, perturbations in the Coriolis and centrifugal forces has attracted many researchers.
Abd El-Bar and Abd El-Salam [11] computed the locations of collinear points in the photogravitational relativistic R3BP. Series forms of these locations are obtained as new results.
Katour et al. [12] studied the locations of triangular points in the relativistic restricted threebody problem with oblateness and photogravitational corrections.
Bello and Singh [13] studied the stability of triangular points in the relativistic R3BP with oblate primaries and bigger radiating.
Singh and Bello [14] studied the stability of 4, 5 L in the photogravitational relativistic R3BP. From authors' knowledge no work has been done on the stability of collinear points with perturbing force such as triaxiality in the relativistic R3BP. Hence it raised a curiosity in our minds to study the effect of triaxiality of the smaller primary on the locations and stability of collinear equilibrium points in the relativistic R3BP. This paper is organized as follows: In Sect. 2, the equations governing the motion are presented; Sect. 3 describes the positions of collinear points, while their linear stability is analyzed in Sect.4. A numerical application are given in Sect. 5 and 6, respectively. Finally Sect. 7 conveys the main findings of this paper. [15] ) with a, b, c as lengths of its semi-axes and R is the dimensional distance between the primaries. Ignoring second and higher powers of i σ and neglecting also their product, we take equations of motion as:
where W is the potential like function of the relativistic R3BP. As Katour et al. [ 
and n is the perturbed mean motion of the primaries and is given by
Location of Collinear Points
Equilibrium points are those points at which the centrifugal and gravitational forces balance out. That is no resultant force acts on the third infinitesimal body if placed there. Therefore, if it is placed at any of these points with zero velocity, it will stay there. In fact all derivatives of the coordinates with respect to the time are zero at these points. Therefore, the equilibrium points are solutions of equations
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In order to find the collinear points, we put 0 = η in equation (8) . Their abscissae are the roots of the equation ( )   1  2  1  2  3  3  5  1  2  2   3  2  2  3  3  1  2  1  2 2 2
To set the positions of collinear points on the − ξ axis, we divide the orbital plane into three parts: 
Now substituting equation (10) in (9), we obtain 
In the presence of triaxiality effect only, we have 
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In the presence of triaxiality effect only, we have ( ) Fig. 1 (c)) Let the distance of the point 3 L from the bigger primary be 
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In the presence of triaxiality only, we have It should be noted that some of the above equations have more than one positive root but in each case there is only one physically acceptable root. It is also here pointed out that we have not considered the higher order relativistic corrections because 
Stability of Collinear Points
We investigate the stability of an equilibrium configuration, that is its ability to restrain the body motion in its vicinity. To do so we displace the infinitesimal body a little from an equilibrium point with small velocity. If its motion is rapid departure from vicinity of the point, we call such a position of equilibrium an unstable one. If the body oscillates about the point, it is said to be a stable position.
Following Singh and Bello [13] , the characteristic equation is given by ( ) ( ) 0 Pq P q Pq P q P q P q P q P q P q P q ω ω 
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Studying the stability of the collinear points requires the study of motion in the proximity of these points, hence in this case the second order derivatives evaluated at ( ) 0 0 ,η ξ are (  )   2  2  2  0  1  2  1  2  5  3  5  3  7  1  1  2  2  2   2  2  2  2  1  2  5  2  5  3  3  5  2  1  1  2  2   3  1 15
Next we have to prove that the discriminant ∆ of (16) is positive at the collinear points ( )
To show ∆ is positive it is sufficient to show that 0 ) )( ( 4
T can also be written as
From (20) and (21) 
Numerical Results
We have used equations (11), (13), (15), (11a), (13a), (15a) respectively to compute the positions of the collinear points
for the Sun-Earth system, Earth-Moon system and SunPluto system. We have taken five different cases of different set of semi-axes in km. (a,b,c) of the smaller primary. For the Sun-Earth system, we take (6400, 6400, 6400), (6400, 6390, 6380), (6400, 6380, 6360), (6400, 6370, 6340) and (6400, 6360, 6320), for the Earth -Moon system, we take (1738,1738,1738),(1738,1728,1718), (1738,1718,1698),(1738,1708,1678),(1738,1698,1658) and for the Sun-Pluto system, we take (3000,3000,3000),(3000,2990,2980), (3000,2980,2960),(3000,2970,2940), (3000,2960,2920). Some of the data has been borrowed from Ragos et al. [9] and Sharma and Subba Rao [3] In Tables 1-3 , we present these positions. The corresponding positions of the classical problem are also included. We also include the corresponding positions in the presence of triaxiality effect only (second entry in table for each system). 
Discussion
Equations (5)- (6) describe the motion of a third body under the influence of the triaxiality of the smaller primary and relativistic effect. Equations (11), (13), (15) give respective position of the collinear equilibrium points
which are affected by the relativistic and triaxiality factors. Equations (11a), (13a), (15a) give their positions in the presence of triaxiality only. It can be seen in section 4 that the relativistic and triaxiality factors are unable to change the instability character of the collinear points. For the Sun-Earth system in the absence of triaxiality ( )
the numerical results of the present study are in agreement with those of Ragos et al. [9] . This agreement can be easily seen in table 1 when the notations 1 L and 2 L are interchanged. For the Sun-Earth system it can be observed for the Sun-Earth system from table 1 that 1 L moves towards the origin from the classical position due to relativistic effect only, whereas it moves from the classical position in the direction of the positive ξ -axis. The triaxiality has more shift than that of the joint effect.
2
L moves along the positive ξ -axis from the classical position due to relativistic effect only, whereas it moves towards the origin from the classical case due to triaxiality alone or both. 3 L has a shift towards the origin due to triaxiality. It has also a shift towards the origin due to the joint effect. This shift is almost same as that of triaxiality. The relativistic shift in comparison with that of triaxiality is not remarkable.
For the Sun-Pluto system, it is observed from table 2 that the point 1 L has a very small shift towards the smaller primary from the classical position due to relativistic effect. The triaxiality shifts 1 L away from the classical position. This shift is almost similar as that of joint effect. The point 2 L has a very small shift in the direction of the positive ξ -axis from the classical position due to relativistic effect alone. The triaxiality shifts 2 L towards the origin from the classical position. The similar shift is also seen due to the joint effect. The classical position of 3 L does not change due to triaxiality or relativistic or both effects.
For the Earth -Moon system, it can be seen from Table 3 that 1 L moves towards the origin from the classical position due to relativistic effect. The triaxiality shifts it from the classical position away from the origin. The similar shift is also observed due to the joint effect. 2 L and 3 L all move towards the origin from the classical position due to relativistic or triaxiality or both effects.
Conclusion
By considering the smaller primary as triaxial rigid body, we have determined the positions of collinear points and have examined their linear stability. It is found that their positions are both affected by the relativistic terms and triaxiality parameters. This is confirmed from the tables. It is further observed that in spite of the introduction of relativistic and triaxiality coefficients, the 
